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INTRODUCTION

The M.=7.3 Borah Peak, Idaho, earthquake of October 28, 1983 was the largest to
occur in the Basin and Range since the 1959 earthquake at Hebgen Lake, Montana. The
earthquake produced a northwest-trending, 36-km-long zone of surface faulting along the
Lost River fault (Crone and others, 1985), a range-bounding normal fault in east-central
Idaho.

The detailed nature of the mainshock has been discussed by several investigators,
including Richins and others (1985), Dewey (1985), Boatwright and Choy (1985), Doser
and Smith (1985), and Barrientos and others (1985). Based on the surface rupture ob-
servations, the preferred fault plane strikes to the northwest at about N24°W and has a
dip between 45 and 63 degrees to the southwest. Depth of the mainshock hypocenter is
between 14 and 16 km.

Following the mainshock, an extensive local network of temporary seismograph sta-
tions was installed. Data from this network were used in conjunction with the hypocenter-
location program HYPOELLIPSE (Lahr, 1979) to locate over 400 aftershocks ranging in
magnitude from Md=1.4 to Md=5.8. Duration magnitudes, Md, were calculated with the
equation developed by Lee and others (1972) using constants from the University of Utah
to convert the duration magnitude scale from the California region to the Intermountain
Seismic Belt. This report presents locations of the aftershocks, as well as HYPOELLIPSE
solutions for individual events. Sixty single-event focal mechanisms are also presented.

LOCATION OF AFTERSHOCKS

Within several hours after the M;=7.3 Borah Peak mainshock, the installation of
a dense seismograph network began by the USGS, University of Utah, and others (see
Figure 1, Table 1). Over 60 temporary sites were occupied at some time between October
29 and November 19, 1983, with about 70% of these being operational at any one time
(Richins and others, 1985). More than half of the instruments were short-period, smoked-
paper recording seismographs with vertical-component seismometers. Supplementing the
analog stations was a twelve-station portable network of digital instruments (spaced 3-18
km), operated by the USGS, Menlo Park (Boatwright, 1985) for the eleven day period
following the mainshock. All station locations and dates of operation are presented in
Table 1. In addition to the portable networks, regional data from permanent stations in
Idaho, Montana, and Wyoming were provided by the University of Utah for events through
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FIGURE 1.-Map showing location of all temporary stations installed to record aftershocks of the Borah
Peak earthquake that occurred during the period between October 29 and November 19,1983.
The station pumber reported corresponds to Table 1, which lists station names and parameters.
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TABLE 1.—Stotions used in the locotion of Boroh Peak aftershocks

STATION LATITUDE LONGITUDE ELEV. OPERATION OPERATOR OR
1
NAME  (deg,min)(deg.min) (m) DATES NETWORK
S00S5BS LA EIL LSS VNE IV PLLLILLLEE LSS0 803088838800 %
1 B1 44N24 .16 114W03.26 1878 10/30-11/19 USGS-GOLD
2 B2 44N17.69 113W57.73 2256 11/13-11/19 USGS-GOLD
(3) B3 44N13.87 113W56.50 2103 10/25-10/31 USGS—GOLD
(4 B4  44N11.82 113wW50.93 2283 11/@1-11/19 USGS—GOLD
55 B85 44NC@ .49 113W39.65 2149 11/02-11/19 USGS-GOLD
6 B6  43N57.95 113W34.72 2091 10/29-11/13 USGS-GOLD
{7 B7 43N49.99 113W34.22 1938 10/28-11/62 USGS-GOLD
8 B8 43N51.33 113w40.18 2463 1@/29-11/83 USGS—GOLD
(9) B9 43N52.50 113w39.12 2170 11/@03-11/11 USGS-GOLD
10 B1@ 43N53.71 113w40.07 2219 10/29-10/31 USGS-GOLD
11 B11 43N56.52 113W4B.54 2158 19/29-11/19 USGS—GOLD
12 B12 43N5B.73 114W@3.64 2082 11/81-11/19 USGS-GOLD
(13 B13 44N@5.23 114We1.72 2106 11/11-11/19 USGS-GOLD
14) B14 44NeB.9B 113W59.17 2103 19/28-11/81 USGS~GOLD
15) B15 44N10.69 114w12.05 1887 10/31-11/18 USGS-GOLD
16) B16 44N11.22 113W57.31 2033 10/28-11/09 USGS-GOLD
(17) B17 44N17.83 114We6.76 2021 18/30-11/20 USGS—GOLD
(18) CEM 44N@3.87 113W54.58 1924 10/29-11/08 USGS-MNLO
(19 UCC 44NP@@.51 113W39.63 2151 10/29-11/08 USGS—MNLO
BOR 44N09.8B5 113W52.28 2076 19/29-11/88 USGS—MNLO
DSP 44N13.45 113W50.38 2515 1@/30-11/08 USGS-MNLO
(22; DPC 44N0@.33 114W02.07 2045 12/30—11/08 USGS-MNLO
DTS 44N@9.75 113W58.36 2000 10/30-11/08 USGS—MNLO
(24) WCP 44N15.47 114W00.68 2006 10/29-11/08 USGS—MNLO
(25) MGW 44N20.72 114WPP.42 2121 10/30-11/68B USGS—MNLO
(26) SMS 44N16.88 114W27.28 2197 18/30-11/08 USGS—MNLO
(27) HAU 43N53.63 113w39.68 2167 10/29-11/868 USGS—MNLO
(28) LHM 43N58.22 113w50.35 1970 10/30—-11/88 USGS—-MNLO
(29) DLS 43N51.07 113w29.37 1883 10/30—11/068 USGS—MNLO
(30) BRH 44N11.85 113W50.90 2242 11/85-11/87 USGS—MNLO
(31) LCC 44N@2.25 113W45.06 2091 11/05-11/868 USGS—-MNLO
(32) LSGS 44NP9.29 113w42.8B2 2448 10/30-11/12 SILC
(33) DSPI 44N13.13 113w49.91 2548 10/29-11/17 SLC
(34) BRC] 43N58.95 114W03.23 2257 1@/31-11/18 SLC
(35) MBAI 44N®7.75 113W50.71 2146 10/28-11/18 SLC
(36) BIGA 44N16.94 113w56.40 2390 11/14-11/18 SLC
(37) NWSI 44N15.29 114We1.24 2022 10/30-11/19 SLC
(38) SCSI 44N17.45 114wei.71 2007 — BSE
(39) ANPI 44N11.28 114w0.37 2280 10/29-11/19 SLC
(40 MDCI 43N58.86 113w27.71 216 11/83-11/13 SLC
(41 LCRI 44N0@2.49 113W44.88 2152 10/29-11/18 SLC
42 NSU] 44N14.36 113W55.80 2225 10/29-11/18 SLC
43 BRP1 44N@1.18 113W57.13 2042 10/28-11/18 SLC
44 CHBI 44NP4.65 113W54.30 1987 10/28-11/02 SLC
45 MCGI 44N20.71 114W00.34 2158 11/16~11/19 SLC
46 CGI 44N1B.72 113W49.36 2207 11/05~11/18 U OF WASH
(47) CHL 44N30.17 114W13.29 1576 11/@5 U OF WASH
48 CLI 44N16.31 114W27.38 1780 11/05-11/07 U OF WASH
49 GCI 44N27.32 113w52.97 1877 11/65-11/19 U OF WASH
50 HIR 44N24.87 114We6.12 1713 11/87-11/19 U OF WASH
51 RCI 44N11.39 114W16.13 1784 11/07-11/19 U OF WASH
52 BLD 44N26.02 114W12.32 1628 11/18-11/19 U OF WASH
53 BWD 44N14.36 114W03.52 2244 11/10-11/18 U OF WASH
54 DCD 44N©7.13 113w59.82 2101 11/09-~11/15 U OF WASH



TABLE 1.—Stotions used in the location of Borah Peock aftershocks—Cont inued

STATION LATITUDE LONGITUDE ELEV. OPERATION OPERATOR OR
1
NAME  (deg.min)(deg,min) (m) DATES NETWORK

CESBEIIBISEES RO BREEE 8835000000 ES eSS ESESBES SRS RRSSESS

55) FSD 44N11.27 113WS51.18 2229 11/08-11/19 U OF WASH
56) SCD 44N17.08 113W56.56 2378 11/16-11/18 U OF WASH
57) WSUI 44N13.08 113W56.34 2125 11/07-11/18 BSE

58) BSU1 44N@3.08 113W54.88 1960 —_ BSE

59) BSU2 44N18.61 113W58.45 2280 —_— BSE

60) BSU3 44N17.45 114W01.71 2007 _— BSE

61) M~1 44N@4.17 113W51.81 1922 10/28-11/22 INEL

62) M-2 44ND9.78 113w52.28 2082 10/29-11/22 INEL

ssg WMS] 44N27.33 114W7.54 1660 PERM -

64) JECI 44N22.33 114W11.05 2135 PERM sLc

65; LGUI 44N31.78 114W04.55 2538 PERM _—

66) SURI 44N18.35 113W28.95 2324 PERM sLc

67; MLI 42N@1.61 112W@7.53 1896 PERM sLC

ssa NP1 42N@8.84 112W31.10 1640 PERM SLC

ssg SLC 4ON45.83 111W50.87 1423 PERM sLC

(70) WPI 43N17.33 116wa5.00 1807 PERM BSE

71) CP1 43N52.00 116W18.00 1620 PERM BSE

72) TID 43N30.00 115W56.00 1765 PERM BSE

73) BWF 44N14.95 114We1.82 2079 PERM _—

74) SGF 44N®3.17 113W46.81 2243 PERM S

75; IMW  43N53.B2 110W56.35 2646 PERM USGS USTN
(76) BEI 42N@7.00 111W46.94 1859 PERM USGS USTN
(773 HPI 43N42.68 113W@5.90 2597 PERM USGS USTN
(78) TMI 43N18.33 111w55.09 2179 PERM USGS USTN
£79) CIB 43N24.07 112W56.51 1611 PERM USGS

aog GBI 43N59.25 112W@3.80 1561 PERM USGS

§81 JGI 44N@5.56 112Ww40.61 1657 PERM USGS

82) CMI 44N31.52 111W37.31 2377 PERM REX

(83) KCI 43N40.13 111W39.87 1902 PERM REX

(B4) BLCM 44N52.64 112WS0.80 1844 11/02-11/03 BUT

(85) BNRM 45N26.84 112Ww33.07 1811 11/04 BUT

(86) BPM 44N49.03 113W18.09 2313 10/29-11/02 BUT

(87) BUT 46N@@.80 112W33.80 1758 PERM BUT

(B8) LRM 45N49.33 112w27.06 2326 PERM BUT

(89) LCCM 45N50.26 111W52.68 1669 PERM BUT

(geg MLPM 44N47.21 113We1.78 2115 11/02-11/03 BUT

(91) NCM 47N10.81 114W33.95 1183 PERM 8uUT

(92) SHCM 45N@4.61 112w39.52 1792 11/@3-11/04 BUT

(933 SXM 46N©8.95 111W12.46 1987 PERM 8UT

(94) MSO 46N49.75 113W56.44 1264 PERM MSO

1
TEMPORARY STATIONS
USGS-GOLD: USGS, GOLDEN, COLORADO
USGS—MNLO: USGS, MENLO PARK, CALIFORNIA
sLC :  UNIVERSITY OF UTAH, SALT LAKE CITY, UTAH
U OF WASH: UNIVERSITY OF WASHINGTON, SEATTLE, WASHINGTON

BUT :  MONTANA BUREAU OF MINES AND GEOLOGY, BUTTE, MONTANA
BSE : BOISE STATE UNIVERSITY, BOISE, IDAHO
INEL :  IDAHO NATIONAL ENGINEERING LABORATORY
PERMANENT STATIONS
SLC : UNIVERSITY OF UTAH, SALT LAKE CITY, UTAH
BSE : BOISE STATE UNIVERSITY, BOISE, IDAHO
USGS :  USGS, OTHER THAN NEIS ,USTN

USGS USTN: NEIS TELEMETERED NETWORK

BUT MONTANA BUREAU OF MINES AND GEOLOGY, BUTTE, MONTANA
MSO : UNIVERSITY OF MONTANA, MISSOULA, MONTANA
REX :  RICKS COLLEGE, REXBURG, IDAHO

— : DATA UNAVAILABLE



November 11. Figure 1 shows the location of all portable and regional stations within the
study area.

Locations for the aftershocks were computed using a P-wave velocity structure de-
scribed by Richins and others (1985), which incorporated data from recent refraction
profiles in the Lost River Valley vicinity. The model consists of four layers overlying an
8.00 km/sec half-space (Table 2). S-wave velocities were determined by Boatwright (1985),
through a Wadati diagram analysis of digitally recorded P- and S-waves which indicated
an average Vp/Vs of 1.75 £0.04.

TABLE 2.—Velocity model used to locate Borah Peak aftershocks

DEPTH TO P-WAVE S-WAVE
LAYER TOP OF VELOCITY VELOCITY

LAYER(km) (km/s) (km/s)
1 0 4.75 2.71
2 1 5.59 3.19
3 7 6.16 3.52
4 18 6.80 3.89
5 40 8.00 4.57

Hypocenters from 402 aftershocks occurring between October 29 and November 19,
1983 were located with HYPOELLIPSE (Lahr, 1979) using both P- and S-arrival times
(Appendix B). Arrival time data were restricted to stations within 125 km of the aftershock
epicenter. For the smoked-paper records, arrival time picks were made with the aid of a
high-power magnifier, and most P-times are assumed to be accurate within £0.05 seconds.
S-wave times were scaled from playbacks of Boatwright’s (1985) horizontal digital records.
For those events not recorded digitally, the S-phase was identified by a change in amplitude
and/or frequency as seen on the smoked-paper records. The maximum number of P and
S times used in locating events was 36; the average was 18.

Epicenters of the 402 aftershocks are shown in relation to the mainshock epicenter and
surface rupture in Figure 2. The epicenters cover an elongate area, 75km by 15km, which
is generally subparallel to the trace of the surface faulting and offset to the southwest by
about 5 to 8 km. Depths range from aboui 3 km to 13 km. Aftershock activity extends
beyond the north and south ends of the surface rupture, but most hypocenters lie north of
the mainshock and at more shallow depths, thus suggesting a unilateral rupture upward
and to the northwest. Figure 3 shows only the HYPOELLIPSE A and B quality solutions
and the corresponding 94% confidence ellipsoids.

Location parameters for all aftershocks are summarized in Appendix A. Average values
for parameters are listed at the bottom of each column.
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FIGURE 2.-Aftershock epicenter map showing the locations of all 402 located aftershocks.
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FOCAL MECHANISMS

Focal mechanism solutions (lower hemisphere equal-area projections) for individual
aftershocks were computer generated by the program FOCMEC (Snoke and others, 1984).
A major advantage in the use of FOCMEC is its capability to search the entire focal sphere
for acceptable solutions that contain a minimum number of polarity inconsistencies. By
incrementing the focal sphere search at 5 degree intervals, single-event focal mechanism
solutions were constructed for 60 aftershocks that have 15 or more identifiable first-motion
polarities. The resulting mechanisms assume a double-couple source. Some solutions may
have as many as 25 nodal plane orientations that satisfy the data and conditions. For the
multiple solution cases, only the average solution is presented (Figure 4, Table 3). Quality
ratings were assigned to each mechanism to distinguish whether the given solution is (A)
very well-constrained , (B) well-constrained, or (C) less well-constrained. Because our
initial conditions of not allowing more than 15% inconsistency,even a C-quality solution is
considered good. The average magnitude for the 60 aftershocks in Table 3 is Md =3.0 and
the range is from Md=2.2 to 4.1.

Nearly 90% of the focal mechanism solutions show a predominant normal mode of
faulting, most of which are quite similar to the mainshock focal mechanism. Only five
of the 60 mechanisms indicate reverse faulting. These epicenters located just west of the
southern segment of surface rupture.

SUMMARY

The Borah Peak earthquake occurred along a segment of the Lost River fault, a range-
bounding normal fault in Idaho. Over 400 aftershocks were located in a zone, roughly 75
km by 15 km, oriented subparalle] to the surface rupture. Since the mainshock epicenter
was south of the surface rupture and most of the aftershocks, and the mainshock hypocenter
was deeper than the foci of most aftershocks, the mainshock rupture is thought to have
travelled unilaterally upward and to the northwest. Of the 60 focal mechanism solutions
determined, most (90%) indicate a normal mode of faulting, with varying amounts of
strike-slip components. Only 8% of the solutions suggest reverse motion, and 2% indicate
strike-slip faulting.



FIGURE ¢.-Single-event, lower-hemisphere, equal-area projection foca! mechanism solutions for 60 after-
shocks of the Borah Peak earthquake sequence. First-motion polarities are indicated: solid triangles
represent compressional first motions and X's represent dilatational Srst-motions. The pumber re-
poried corresponds to Table 8, which lists the Jocations, qualities, and focal mechanism parameters.
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FIGURE ¢-CONTINVED
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TABLE 3.—Focal mechanism parometers

NODAL PLANE 1

NODAL PLANE 2

MEC NO DATE ORGN TIME DEPTH MAG QUAL
(Y™MD) (uTc) (km) (Md) STRIKE DIP SLIP STRIKE DIP SLIP
1 831030 0254 39.79 4.06 4.06 A 337 46 54 111 54 -—12%
2 831031 1855 37.32 11.35 2.62 A 336 25 ~78 142 65 -96
3 831101 0059 08.13 8.01 2.81 A 285 30 -90 115 606 ~-90
4 831101 0105 28.19 8.64 3.30 A 326 40 -B2 136 S0 -97
=) 831101 1030 33.66 9.46 3.8 C 128 18 =56 273 75 -100
6 831101 1041 18.25 6.93 3.7 A 1 42 =50 132 39 -120
7 831101 1350 26.26 9.65 3.46 A 135 48 -87 310 42 =93
8 831101 1913 ©0.91 9.47 2.74 A 123 55 B4 293 35 -98
9 831101 2342 29.30 9.63 3.5 A 156 40 -B2 325 50 -97
10 831182 0653 07.14 11.17 3.1 C 128 ° 56 -23 234 71 —144
11 831102 2224 ©4.62 9.53 3.15 A 173 55 83 340 36 +100
12 831163 0018 48.51 7.17 3.35 A 38 55 -84 117 35 =98
13 831103 0122 15.85 5.04 3.19 A 325 47 ~69 116 47 =111
14 831103 0150 20.33 6.71 3.77 A 3489 48 -63 132 49 -117
15 831103 0224 13.92 9.15 3.49 A 349 63 ~62 119 38 -133
16 831103 0259 19.40 7.60 3.47 A 151 40 -82 321 S50 -97
17 831103 0415 16.47 6.27 3.568 A 347 42 =67 137 52 -109
18 831183 1251 9.8 7.96 3.75 C 285 85 -90 115 5 -90
19 831103 1760 13.41 11,83 3.24 C 326 40 =90 146 S0 -90
20 831103 2026 53.84 7.86 2.96 B e 58 =72 150 38 -115
21 831183 2209 24.65 10.3B 3.15 A 154 63 -62 284 38 -133
22 831104 0002 25.47 10.94 2.44 A 355 45 -83 165 45 =97
23 831104 0807 48.67 6.18 2.72 B 233 42 67 83 &2 109
24 831104 0904 12.86 6.59 3.17 A 98 66 73 313 28 122
25 831104 0916 09.48 3.89 3.6 B 7 18 56 222 75 100
26 831104 1343 00.95 10.14 2,82 B 108 60 -84 276 30 -100
27 831104 1730 44.33 3.34 3.35 A 154 30 -89 322 60 -96
28 831104 2329 49.49 6.21 3.5 A 345 45 -B3 155 45 =97
28 831105 0422 ©9.12 8.61 3.18 A 316 68 =90 136 22 -90
30 831185 @537 39.87 8.32 3.56 C 127 65 -84 293 26 -103
31 831105 1743 55.12 8.37 3.35 C 245 5 (] 335 90 265
32 831105 2256 42.89 10.32 3.62 C 168 16 -71 328 75 =95
33 831106 ©139 26.50 10.35 2.20 C 147 42 "-67 297 52 -109
34 831106 0644 16.65 B.99 3.22 A 10 36 =54 148 62 -113
35 831106 1449 59.92 10.42 3.6 B 138 16 =71 298 75 -85
36 831107 @933 31.21 8.53 3.24 B 186 56 -Bo 342 35 -104
37 831107 1733 6.3 10.61 3.32 A 151 52 -75 307 40 108
38 831167 2119 15,13 5.76 2.46 C 244 46 1e 147 83 136
39 831108 0646 34.66 B.23 3.33 A 164 48 -63 307 49 =117
40 831108 2220 41.62 5.11 3.28 A 171 40 -82 340 S50 -97
41 831108 2332 43.83 6.81 3.36 A 352 41 =75 152 51 =103
42 831109 2245 18.87 8.92 2.606 C 338 6@ -74 128 34 -116
43 831110 ©@B52 38.56 8.84 3.13 C 160 62 —48 278 49 -142
44 831111 0315 24.22 10.28 2.68 C 326 64 -88 141 26 -94
45 831111 0508 48.14 10.58 3.6 A 158 51 -42 278 59 ~133
46 831111 1655 34.47 4.89 2.43 C 167 65 -84 333 26 -1083
47 831111 2256 47.94 10.33 3.8 B 192 78 -15 287 76 -158
48 831112 0337 54.94 7.39 2.53 B 220 25 52 81 71 106
49 831112 ©51e 10.64 10.84 2.75 A 327 65 -84 133 26 =103
50 831112 0554 ©5.12 8.0 2.59 C 317 35 -81 126 55 =96
51 831112 2232 27.49 11.67 2.68 A 138 32 =36 261 72 =117
52 831112 2305 48.00 B8.24 2.56 A 163 61 =73 311 33 -118
53 831113 2238 07.48 9.75 2.7 A 164 65 7 71 84 154
54 831115 810 51.49 11.03 2.83 A 228 48 -15 328 79 -137
55 831115 2149 20.55 8.23 2.94 B 168 55 -B4 338 35 =88
56 831116 @455 31.35 8.26 3.4 A 195 60 -90 15 30 =80
57 831116 @950 35.83 6.48 2.62 A 152 57 66 11 40 122
58 831117 0806 40.66 12.20 2.95 A 159 64 —44 272 51 =146
59 831117 1151 47.38 11.77 3.6 B 146 56 -73 297 38 -113
60 831117 1321 42.86 7.5%¢ 3.5 B 156 36 -54 294 62 ~113
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APPENDIX A.-SUMMARY OF AFTERSHOCK LOCATION PARAMETERS

A summary of the location parameters determined by HYPOELLIPSE (Lahr, 1979)
are presented for all aftershocks. Overall averages for each parameter are listed at the
bottom of each column.
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